Introduction
Many attributes of inelastic and reactive molecular collision processes ) are described quite adequately by classical mechanics. Classical trajectory calculations, 1 with Monte Carlo sampling of initial conditions, for example, are in fact a popular and useful tool for studying the dynamics of molecular collision phenomena.
The net result of such trajectory calculations is to map some initial phase space distribution onto a final one, the mapping being accomplished by following individual phase points from the initial asymptotic region before collision to the final asymptotic region after the collision is
over. An alternate way of mapping an initial phase space distribution onto a final one is to solve the classical Liouville equation, 2 i ;t P(£,g;t) = L p(p,q;t) (1.1) where L is the Liouville operator L a .
--ap (1. 2) and H(£,g) is the Hamiltonian function for the system; £ and ~ are any set of canonically conjugate momenta and coordinates of the system. Eq. is introduced (i.e., Greens' functions), a Born-type series used to expand it, (1. 3) where L = L 0 + L 1 , etc. Although this approach may be useful for some purposes, it fails to lead to concrete equations that can actually be solved by standard numerical methods. One reason for this is that the phase space distribution function and the various operators involved all contain energy-conserving delta functions that must be formally removed in order to obtain the "on shell" quantitites of interest.
In Section II it is shown how the singular structure due to energy conservation can be eliminated at the beginning of the analysis. This leads to a reduced Liouville equation on the "energy shell" in phase space.
Solution of this equation for the reduced distribution function leads
directly to the physical quantities of interest, i.e., transition probabilities, or cross sections, which correspond to a given total energy. Sections III and IV show how the reduced Liouville equation can be approximated or manipulated to make contact with the results obtained by other approaches, and they also discuss some of the practical aspects of how it can be solved.
At this stage it is not clear that it will be easier in practice to solve the reduced Liouville equation numerically than to compute many individual classical trajectories. The Liouville approach is different, -3-however, and it does lead to interesting new ways of describing the classical mechanics of molecular collisions. It does seem likely, too, that in some cases it can provide a more useful way for carrying out specific calculations.
• -4-
II. The Reduced Liouville Equation
To keep the presentation as simple as possible it is useful to consider specifically the simplest inelastic collision system, a nonreactive collinear atom~diatom collision, for which the classical Hamiltonian is p2 p2 H(P,R,p,r) == 211 + 2 m+ v(r) + V(R,r) It is useful to replace the cartesian variables (p,r) of the diatom by the action-angle variables 5 (n,q), in terms of which the Hamiltonian is p2 H(P,R,n,q) == 211 + £(n) + V(R,n,q) (2.2) £(n) is the energy of the isolated diatom--it is also of the WKB eigenvalue of the oscillator in terms of the action variable n, the classical counterpart of the vibrational quantum number--and V(R,n,q) V(R,r(n,q)) (2. 3) where r(n,q) is the vibrational coordinate in terms of the action-angle variables. For a harmonic oscillator, for example, one has
where w is the frequency of the oscillator and ro its equilibrium position.
To describe a steady-state scattering situation at a given total energy E, the phase space distribution p(P,R,n,q;t) is taken to be timeindependent (i.e., steady-state scattering) and proportional to an energy-conserving delta function:
The function f(n,q,R) is taken not to be a function of P since the delta function factor determines P in terms of the other variables: 
The delta function allows P to be set to PE(R,n,q) in the curly brackets in Eq. (2.7), so that the entire factor in curly brackets is then a function -6-only of R,n,q (a~d of course the fixed total energy E). Setting this factor to zero, then gives the reduced Liouville equation on the energy shell, 
Section IV considers in some detail the modifications in the above formulation that must be made since P is not a single-valued function of (R,n,q), i.e., P = + PE or-PE. This is related to the fact that R is not a monotonic collision parameter, i.e., during the collision R first decreases and later increases.
For the present this difficulty is side-stepped by making a canonical transformation 6 which replaces R by a new coordinate that is a monotonic progress variable. Thus the "old" variables P,R,n,q are replaced by the ,N,Q) also depends, of course, on the fixed value of the total energy E.
To make the above expressions more concrete it is useful to consider explicitly the example which will be treated in more detail in the following section. The oscillator is taken to be harmonic, so that 
where the matrix Mk k' (which is an operator in N space) is defined by N,t) ~N -iwt ac+ 1 (N,t)] --~-----+.
--e oN mw oN ac±l (N, t) where the "memory kernel" K(t,t') is
It should be remembered, too, that K(t,t') is an operator inN-space. 
where T is again the chronological ordering operator. Because of the Using the completeness of the ~-basis set {¢~(N)} it is easy to construct Pin other representations; e.g., in the N-representation it is
The physical meaning of P(N,N 0 ) is that it is the distribution of the action variable N that results from a collision for which NO is the initial value of the action. It is the kernel from which any initial where
To separate the two possibilities, note that
Defining f±(n,q,R) by f±(n,q,R) = F(±PE(R,n,q),R,n,q) and from the asymptotic value of f+ one obtains the final probability distribution of the action variable:
In practice, Eq. (4.12) will in general be solved by a basis set expansion similar to that described in Section IIId. Thus, f+(R) and f are expanded as .
that the lowest order elements of the moment matrix P~ ~ may be much ' 0 more rapidly convergent with basis set size than are the higher moments which are necessary if the full distribution in the N-representatipn is to be constructed.
-28-classical trajectories in this case, 11 so that the ability to handle this kind of collision mechanics would be a useful contribution. It should be noted that complex formation cannot take place within the classical path approximation, so that the approach outlined in Section IV is essential.
As noted at the end of Section IV, however, the boundary conditions for can thus be easily incorporated in the present approach, but one knows that it does not include all semiclassical effects. 13
Finally, more work needs to be done in order to describe reactive processes within the present formalism. Here there exist at least two different asymptotic regions, and the boundary conditions for the reduced Liouville equation will be more complicated. This is an important direction for future work.
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